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TAFS SXTIUSION 
Lee F. Samler, ]al[more, Md., assgnor o The 
National Plastic. Producs Comlany, Odenton, 
Md., a corgorion of Maryland 
Orginl alllicaon lVrch îL 96, Serial No. 
653,55L Divided and this application Decem- 
ber îg, 99, SePial No. î33,89 
. .  CLaires. (CI. 8--2) 
This invention relates to apparatus or the 
production of extruded thermoplastic tape and 
more particularly to the production of such tape 
by the utilization of extrnsion equipment which 
wfll serve to insure uniform cross-seetional thick- 5 
ness and which will maintain the physical and 
electrical properties of the thermoplastic. 
This application is a division of co-pending 
application Serial No. 653,551, flled March 11, 
1946, which issued on lYiarch 7, 1950, as Patent 10 
No. 2,499,421. 
Prior fo the instant invention, thermoplastic 
tapes bave been extruded in the conventional 
manner through a die and onto a moving belt. 
In practice, when the thickness of the tape is in 15 
excess of .025" it bas been found that it is diflï- 
cuit to control the flow conditions in the die 
and if the exit velocities aeross the die are hOt 
accurately controlled inherent stresses will be 
set up within the material which will ultimatëly 20 
be reflected by dist0rtion and/or shrinkage in the 
flnished product,   
If is an object of the instant invention to pro- 
vide apparatus for the production of eontinuous 
lengths of substantially stress-free thermoplastic 25 
tape of substantially Uniform cross-seetional 
thickness. 
It is another object fo provide a novel die 
assembly for  thermoplastic extruder. 
Other objects and the nature and advantages So 
of the instant invention wil! be apparent from 
the following description taken in eonjunction 
with the accompanying drawings, wherein: 
Fig. 1 is a schematic view in perspective of an 
apparatus for carrying out the invention; 35 
Fig. 2 is a schematic view in side elevation of 
the apparatus shown in Figure 1; 
Fig. S is a front elevation with parts broken 
away and parts shown in secti0nof an extrader 
die useful in carrying out the invention; 40 
Fig. 4 is a vertical sectional view taken along 
line 4--4 of Fig. S and looking in the direction of 
the arrows; and 
Fig. 5 is a bottom view of the die shown in 
Figure 3. 45 
leferring to Figures .1 and 2, the thermop!astic 
compound in either powder, pellet, or ther con- 
venient form is introduced into the top of the 
feed hopper [0 which i associated with the 
extrusion cylinder [[ within which is located 50 
the extrusion screw [2. The extrusion .cylinder 
[[ may be heated in the conventional manner 
and in the drawings the extrusion .cylinder [ [ is 
jacketed so tht the cylinder may beheated by 
steam, and the pipes [8 and [4 are part of çhe 55 
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steam heating system for heating th cylnder [ [. 
The extrusion screw [2 forces the melted plastic 
compound through the conduit [ 5 which confines 
the melted plastic, to a path which changes the 
direction of flow from that which is coaxial with 
the axis of the screw fo a direction which is at 
right angles fo the axis of the serew and in the 
saine horizontal plane. The conduit [ is con- 
nected at its ourlet end [6 with the die 
assembly [7. 
The plastic compound in the form of-tape 
leaves the bottom [ 8 of the die assembly [  and in 
a direction which is aligned with the land of the 
die and passes under the follet [ and moves on 
toward a position under the follet 20 and then 
upwardly and forwardly fo a position where it 
passes over the guide roll [ and then horizon- 
tally and between the washing headers  from 
whence the tape passes between the takeoff or 
pu!ling rolls 8 which turn in opposite directions 
in the direction of the arrows. The tap e then 
passes under the guide roll 4 and is then wound 
up in the form of a c0il 2'5 on the spind!e 20 .of 
the reel 
The rollers [9 and 0 are journalled for total 
tion within the tank 23 which may contain 
tempering liquid, such as water 
pering liquid may be heated by the steam coils 
located within the tank. 20. The thermometer 
S! registers the temperature of the tempering 
liquid  and may be associated with  control 
for regulating the temperature of the tempering 
liquid by controlling the flow of steam through 
the steam coils . The location of the roll 
may be lower than the location of the roll [ so 
that the portion of the tape between the exit Of 
the die and the roll [  will make an angle of more 
than 90 ° with a portion of the tape between the 
roll [9 and the roll 20. ,- 
The headers 2 are pïovided with a series of 
oriflces along tàe surfaces adjacent the top and 
bottom oï the extruded tape, which passes be- 
tween the headers 22 so. that as washing fluid, 
which is fed to the manifold 82, passes through 
the headers 22 iV will be directed through said 
oriflces and on 
the extruded tape which passes between the 
headers 22 to wash saine and. remove any for- 
eign particles which may be picked up in the 
tempering bath or from the atmosphere. Ex- 
cept when plastic compound is being fed to the 
hopper [0, the hopper may be covered so as to 
prevent the entrance of any foreign material into 
the extrusion cylinder [[. . - 
The die [ may be heated by the ëlectric 



heater 33 which is served with electric current by 
the electric conduits 34 and 35. 
Referring to Figures 3, 4 and 5, the die  7 may 
be made of steel and of three parts comprismg 
an inlet adapter 3B, and two major block-like ele- 
ments 37 and 38, respectively. The adaptor 3 is 
formed with a tapered opening 39 extending 
therethrough which is adapted to be associated 
with the ourlet end  6 of the conduit  5. A tubu- 
lar manifold 40 of relatively large diameter is 10 
formed within the die bY block-like elements 
and 38, and the inlet portion 4  thereof is adapt-. 
ed to be associated with the passage 39 extend- 
ing through the adapter 36. The manifold 
is adapted fo extend horizontally and when in 15 
position has its axis ai right angles fo the axis 
of the screw 2. As best shown in Fig. 5, the 
narrow sides 43 and 44 and the ïace 4B of die land 
42 are formed in block 37, wherein the inner sur- 
face of block 38 forms the ïace 45 of die land 2O 
42. The manifold 40 is formed in both blocks 
and 38 as shown in Fig. 4. 
One of the significant elements cooperating in 
the production of a stress-free thermoplastic 
tape of uniform cross section is the length of the 25 
effective die land which, in the Case of the die 
is the vertical distance from the tubular mani- 
fold 40 to the bottom 47. This effective length 
of the die land should be at least twenty-flve 
rimes the thickness of the tape to be produced, 
and in the production of polyethylene tape fifty 
rimes the thickness of the tape has been found 
tobe preferred. In the production of thermo- 
plastic tapes, shorter die lands serve to produce 
a non-uniform exit velocity across the width of 
the die; that is from' the narrow side 43 fo the 
narrow side 44 at the bottem 47 and a tape pro- 
duced through the use of such a die has inherent 
stresses therein. If the axis of the die were in 
line with the axis of the extruder screw, the tend- 40 
ency oï the plastic material leaving the die is to 
have a greater velocity in the center; that is, 
midway between the narrow sides 43 and 44, and 
a lesser velocity adjacent the narrow sides 
and 44. However, in the case of thick cross sec- 
tions, such as tapes-of a thickness of .02.5" or 
greater» even with the axis of the die at right 
angles fo the axis of the screw, and even with the 
die arranged as shown in the drawings, unless 
the length of the effective land of the die is as 
described, the exit velocity of the material being 
extruded will be greater along the side 43 than 
along the side 44 so that the section of material 
passing through the die would be generally 
wedge-shaped instead of rectangular in shape. 55 
The long land described insures the proper cross- 
sectional shape of the tape. 
In the production of polyethylene tape, the 
posure of the material to high temperatures over 
a period of rime requires critical control if elec- 
trical properties thereof are hot to be degraded 
Though flow conditions of the material through 
the apparatus may be improved by increasing the 
temperature of the material at the die and 
the cylinder, the electrical properties naturally 
inhereni in the material will be degraded as it is 
subjected to high temperatures over a period of 
rime. The extrusion process inherently requires 
a given period of rime in its operation and, 
cordingly, in the production of polyethylene tape 70 
of the character which is fo have its natural elec- 
trical properties undegraded by thermal abuse, 
the highest temperatures in the system are fo be 
maintained as low as possible. If has been round 
in ope»ation of the process described that rem- 
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peratures in the cylinder of approximately 
360 ° F. and die temperatures of 350 ° F. may be 
maintained for polyethylene tape thicknesses 
within the range of .070  to .085 . The con- 
tour of the passage leading from the cylinder te 
the exit of the die should be so designed as te pre- 
vent stagnation of the material as such stagna- 
tion would cause possible degradation by expo- 
sure to heat-time ïactor of degrading character. 
Accordingly, the passage leading from the cylin- 
der fo the manifold 4 is of large cross section of 
smooth profile and the manifold 4 is of larg 
cross section and smooth profile as compared 
with the distance between the face 
of the die land 42. 
In the extrusion process, the take-up rolls 
travel at such a rate as to correspond fo a higher 
lineal vel0city of the tape at this point in the 
process than the lineal velocity of the tape leav- 
ing the exit oï the die 7. This difference in 
velocity serres te effect a pull-clown or diminish- 
ing of the thickness oï the tape so that the fln- 
ished thickness of tape will be less than the dis- 
tance between the faces 
af the bottom 47.. This pull-clown occurs 
tween the bottom of the die and the point where 
the tape enters the tempering bath wherein the 
tape is cooled so that the amount of pulldown 
or hot stretch can be controlled by varying the 
30 fluid level within the tempering bath or varying 
the speed of the take-up rolls 23. In the process 
described, the rollers 9 and 2 have their sur- 
faces traveling at the same speed as the surfaces 
of the rollers 3. The roll 9 is so located within 
35 the tank 2B and below the die 7 that the axial  
travel of the tape. while itis being pulled down 
,and ai least partially tempered or cooled, is 
aligned with the axis of the die land 4. In the 
process, the amount of p_ull-down snould be near 
the minimum required for proper control of 
movement of the tape through the travel 
cited and a pull-clown within the range of 25% 
to 30% under the conditions herein referred te 
has been round fo be satisfactery. 
If will be obvious to those skilled in the art that 
various changes may be ruade without departing 
from the spirit-of the invention and therefore 
the invention is notlimited fo what is shown in 
the drawings and described in the specification 
but only as indicated in the appended c]aims. 
What is claimed is:, 
1. In extrusion apparatus for the production of 
extruded stress- and strainfree therrnoplastic 
tape of unif0rm cross-sectional thickness com- 
prising an extrusion cylinder and means for forc- 
ing thermoplastic te, be extruded therethrough, 
die having an inlet and an ourlet, a conduit form- 
ing a passageway connecting the ourlet of said 
cylinder with the inlet oï said die, said die com- 
prising a generally tubular manifold having an 
inlet atone end thereof and a die lard, said die 
land having a length at least twenty-flve rimes 
the thickness of the tape fo be produced the 
exit velocity of the thermoplastic materlal along. 
the entire length of the die land bein equalized, 
the axis of the die land being substantially at 
right angles te the axis of the m,anifold, said 
manifold extending completely across the ingress 
side of said die-land. 
. The structure recited in claire 1, said die 
land having a length of fifty rimes the thickness 
of the tape fo be produced. 
3. The structure recited in claire 1, said con- 
75 duiç being in the shape of an elbow. 
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4. The structure recited in claire 1, said die 
comprising a plurality of cooperating block-like 
elements having formed therein said manifold 
and said die land. 
5. The structure recited in claire 4, said mani- 
fold having its inlet connected to the ourlet of 
said conduit by a hollow truncated cone-shaped 
adaptor. 
6. The structure recited in claire 1, said die 
land having a substantially constant cross sec- 
tion area the entire length thereof correspond- 
ing to the cross sectional shape of the tape tobe 
extruded. 
7. The structure recited in claire 1, said manl- 
fold having a smaller cross section than said 
conduit. 
8, The structure recited in claire 1, said mani- 
fold being of circular cross section, the cross sec- 
tlonal configuration of sald die land being recta, n- 
gular. 
9. The structure recited in claire 8, said die 
land having a substantially constant cross sec- 
tional area the entire length thereof. 
10. In extrusion apparatus for the production 
of extruded stress and strain free thermoplastie 
type of uniform cross-sectional thickness, a die 
comprising a generally tubular manifold havlng 
an inlet atone end thereof, and a die land, said 
die land having a length at least 25 times the 
thickness of the tape tobe produced, the axis of 
the die land being substantially ata right angle 
to he axis of the manifold, said manifold ex- 
tending completely across the ingress side of said 
die land, said manifold having a relatively large 
diameter as compared with the thickness of the 
die land whereby the exit velocity of the material 
being extruded is equalized along the entire 
length of the dte land. 
11. The structure recited in claire 10, said die 

comprislng a plurality of cooperating block-like 
elemente having formed thereln said manlfold 
and said die land. 
12. In ixtrusion apparatus for the production 
5 of thermoplastic tape of uniform cross-sectional 
thickness, a die comprising a manifold and a die 
land, the axis of the die land being substantially 
at right angles to the axis of the m«nifold, sald 
manifold extending completelY across the ingress 
lo side of said die land, said die comprising a plu- 
rality of cooperating block-like elements having 
formed therein iaid manifold and said die land. 
13. The structure recited in claire 12, said die 
comprising two cooperating block-like elements 
15 wherein three faces of said die land are formed 
in one of said block elements and the surface of 
the other of said block elements forms the fourth 
face of said die land. 
14. The structure recited in claire 12, sald mani- 
20 fold having a relativelY large diameter us com- 
pared with the thlckness of said die land where- 
by the exit velocity of the material being ex- 
truded is equalized along the entire length of the 
die land. 
LEE F. SAlYIR. 
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